Psychiatry
Introduction
The vestibular system has traditionally been thought of as a balance apparatus that is related to brain disorders only when co-morbid symptoms include balance compromise, such as in Meniere′s disease and Parkinson′s disease. However, accumulating research suggests an association between vestibular function and psychiatric disorders, even when balance is apparently unaffected. Recent research has described the vestibular system as a potential window for exploring brain function beyond that of maintenance of balance, and into areas of perception, cognition, and consciousness (Lopez and Blanke, 2011) . Existing research describes clear links between symptoms of anxiety and depression and the vestibular apparatus, and there is some preliminary evidence suggesting a link between the vestibular system and symptoms of psychosis and mania. Aspects of cognition, particularly spatial memory and spatial perception, have also been linked to vestibular function. The two key anatomical regions that provide links between the vestibular system and neural networks involved in cognitive and emotional processing are the parabrachial nucleus and the hippocampus (Balaban and Thayer, 2001; Balaban, 2004a) ; however, many of the neuroanatomical regions that are linked to the vestibular system are also implicated in several psychiatric illnesses. The past decade has seen an increased interest in the relationship between the vestibular system and mood, cognition and psychiatric symptoms with studies demonstrating vestibular stimulation can produce changes in mood, cognition and psychiatric symptoms (Dodson, 2004; Levine et al., 2012; Winter et al., 2012) . Hence, the time is now ripe to review the literature in an attempt to draw some overall conclusions. This review will firstly provide an overview of vestibular related brain structures that overlap with psychiatric disorders and then present a summary of how these regions of interest are implicated in prominent psychiatric disorder. The second section of the review will explore the cognitive and psychiatric symptoms that have been associated with vestibular (dys)function. Finally, we will bring these foci together to produce an overall summation of our current state of understanding of the relationship between vestibular function, psychiatric disorders, and cognition.
2.
The vestibular system as a "Window to the Brain" for psychiatric symptoms
The vestibular system is vestigial and therefore intimately integrated into our central nervous system. Compromising a complex network of diverse pathways, there are vestibular origins within subcortical structures that traverse through the midbrain and then into the inner ear. With such diffuse connectivity, it is likely that vestibular function will be impacted upon at various stages of its pathways. Furthermore, it is comprised of both white matter and nerves, particularly the 8th cranial nerve (vestibulo-cochlear, which is a composite sensory nerve) hence vulnerable to different types of insults and/or compromised cell signalling. As illustrated in Fig. 1 , neuroanatomical models of the vestibular system established through a variety of techniques including conventional and advanced structural MRI (e.g. T1-weighted and DTI), functional imaging (e.g. fMRI, magnetoencephalography (MEG)) and brain stimulation studies (e.g. galvanic or caloric vestibular stimulation; (Balaban and Jacob, 2001; Balaban et al., 2011; Bottini et al., 1994 Bottini et al., , 1995 Bottini et al., , 2001 Dieterich and Brandt, 2008; Emri et al., 2003; JA., 2004; Jones et al., 2009; Kisely et al., 2000 Kisely et al., , 2002 Rochefort et al., 2013; Tuohimaa et al., 1983; Vitte et al., 1996; Wenzel et al., 1996) indicate that vestibular signals travel from the vestibular nuclei to brain stem nuclei, then project to subcortical structures, and regions well-known to be related to balance and musclecoordination, such as the cerebellum, and those central to vision (specifically the occipital lobe) as well as direct and indirect projections to several cortical regions.
Whilst there is no direct evidence to suggest direct pathology of the vestibular apparatus in psychiatric disorders, there are many well identified links between the vestibular system and brain regions implicated in cognitive and emotion processing, which provide a potential neurological basis for the coexistence of vestibular and psychiatric symptoms (Balaban and Jacob, 2001; Yardley et al., 1999) .
Brainstem links to the vestibular system
In terms of brainstem regions, the raphe nuclei and locus coeruleus are both implicated in several psychiatric conditions as well as having reciprocal connections with the vestibular b r a i n r e s e a r c h 1 5 3 7 ( 2 0 1 3 ) 2 4 4 -2 5 9
nuclei. The raphe nuclei receives projections from the vestibular nuclei (Cuccurazzu and Halberstadt, 2008) and sends serotonergic and nonserotonergic projections to the vestibular nuclei (Halberstadt and Balaban, 2006; Kalen et al., 1985) as well as sending axon collaterals to the central amygdaloid nucleus, suggesting co-modulation of vestibular pathways with regions involved in affective control (Halberstadt and Balaban, 2006) . The raphe-vestibular projections are organised into anatomically distinct fields which is thought to selectively modulate processing in regions of the vestibular nuclear complex that receive input from specific cerebellar zones, representing a potential mechanism whereby motor activity and b r a i n r e s e a r c h 1 5 3 7 ( 2 0 1 3 ) 2 4 4 -2 5 9 (2012) Graeff ( behavioural arousal could influence the activity of cerebellovestibular circuits (Halberstadt and Balaban, 2003) . The locus coeruleus provides noradrenergic innervation to the vestibular nuclei (Schuerger and Balaban, 1999) , as well as collateral projections to regions including the cerebellum, neocortex and hypothalamus, which have been hypothesised to mediate effects of arousal on vestibular reflex performance. The locus coeruleus also responds to vestibular stimulation (Manzoni et al., 1989) via direct projections from the vestibular nuclei (Balaban, 1996) and input from vestibular related sources (Luppi et al., 1995) .
Limbic regions, parabrachial nucleus and the vestibular system
The limbic system is central to both vestibular function and emotional processing. The parabrachial nucleus (PBN) network provides a direct link between the vestibular system and neural networks involved in emotional processing. The PBN has reciprocal connections with the vestibular nuclei (Balaban and Thayer, 2001; Balaban, , 2004b , as well as reciprocal connections with the amygdala, hypothalamus, locus coeruleus, and prefrontal cortex (Balaban and Thayer, 2001; Gorman et al., 2000; Schuerger and Balaban, 1999) . The amygdala, hypothalamus, locus coeruleus and prefrontal cortex are all areas of the brain that are commonly linked with mental illnesses such as schizophrenia, bipolar disorder and depression (e.g. Bennett, 2011; Brown et al., 2011) . The hippocampus is consistently implicated in cognition and models of psychiatric disorders and there is a large body of evidence supporting vestibular-hippocampal interactions (e.g. Besnard et al., 2012; Brandt et al., 2005; Hufner et al., 2007; Sharp et al., 1995; Smith et al., 2005a) .
Cortical connections to the vestibular system
The exact locations and functions of cortical regions that process vestibular information remains unclear (zu Eulenburg et al., 2012) . The anterior cingulate cortex has been considered part of the human vestibular cortex (Bottini et al., 1995 (Bottini et al., , 2001 Lopez and Blanke, 2011; Lopez-Larson et al., 2012) , hence it has been conceptualised that the anterior cingulate cortex may provide a bridge between the vestibular sensorimotor areas and the affect divisions of the prefrontal regions that entail motivational states (Bush et al., 2000) . The insular cortex is one of the main cortical regions that receives information from the vestibular nuclei in the brain stem (Akbarian et al., 1994) . The prefrontal cortex regions indirectly, by way of motor association cortices and anterior cingulate cortex, exert regulatory influence over the vestibular sensory areas for attenuation of sensory stimulation (Carmona et al., 2009 ). The parietal cortex, particular the parietal opercular area has been implicated as a core cortical region for vestibular processing (zu Eulenburg et al., 2012).
Neurochemical influences on the vestibular systems
In addition to the neuroanatomical links, the vestibular system is implicated in both the serotonergic and dopaminergic systems, which are key neurotransmitter pathways involved in psychiatric disorders. Vestibular nucleus neurons respond to stimulation of the dorsal raphe nucleus (a key source of serotonergic input), as well as exogenous serotonin (Licata et al., 1995) and a rise in serotonin levels is observed in the medial vestibular nuclei following vestibular stimulation (i.e. caloric stimulation) (Halberstadt and Balaban, 2006) . Selective serotonin reuptake inhibitors (SSRIs) are efficacious in the treatment of vertigo (Johnson, 1998) and SSRI withdrawal is associated with vestibular manifestations (i.e. dizziness) (Coupland et al., 1996) . In relation to dopamine, dopamine (D2) receptors have been identified in neurons of the medial vestibular nucleus and the lateral vestibular nuclei (Smith and Darlington, 1994) and meaningful levels of dopamine have been detected in a region of the vestibular nuclei (Cransac et al., 1996) . There is also evidence to suggest that dopamine might exert a modulatory action on the vestibular system, either by a direct action on the vestibular neurons or by modulation of GABAergic transmission (Vibert et al., 1995) . In vestibularcompromised rats (following hemi-labyrinthectomy), treatment with a D2 agonist (bromocriptine) accelerates compensation of postural and ocular symptoms, whereas treatment with a D2 antagonist (sulpiride) slows down recovery, suggesting dopamine plays a role in the recovery from vestibular asymmetries (Petrosini and Dell′Anna, 1993) .
Vestibular related brain regions and psychiatric conditions
On the basis of the mini-review above, 12 vestibular related brain regions (region of interest; ROI) known to be related to psychiatric conditions were selected: raphe nuclei, locus coreuleus, hippocampus, amygdala, insular cortex, anterior cingulate cortex, putamen, prefrontal cortex, parietal lobe, occipital lobe, and cerebellum. These ROIs were based upon a model of pathways involved in psychiatric and vestibular symptoms reviewed above. A MedLine search was conducted whereby imaging and electrophysiological peer-reviewed publications supporting the association of each ROI to a psychiatric condition were included. The psychiatric conditions included: Parkinson′s disease (PD), major depressive disorder (MDD), bipolar disorder (BPD), schizophrenia (SCZ), post-traumatic stress disorder (PTSD), body dysmorphic disorder (BDD) or obsessive compulsive disorder (OCD), and attention deficit hyperactivity disorder (ADHD). It was not our intention to find every publication that matched our criteria, but rather, to reference a small collection of studies, meta-analyses or review papers (if available), to demonstrate that the relationship has been supported (Table 1) .
Whilst there is no evidence of specific vestibular pathology underlying any of the psychiatric disorders reviewed, Table 1 demonstrates that each of the major ROIs known to be related to vestibular apparatus are also significantly associated with key psychiatric disorders. Furthermore, some conditions have been found to have unique ROI variation which not only separates them from control (non-psychiatric) subjects, but each condition from one other. Hence, it is possible that vestibular function is related to not only psychiatric disorders per se, but measures of vestibular function could potentially provide an avenue for discriminating between specific types of psychiatric disorders.
Cognitive and psychiatric symptoms associated with vestibular (dys)function
The second section of this literature review addresses what is currently known about cognitive and psychiatric symptoms associated with vestibular dysfunction. A MedLine/pubmed search was conducted that included the following key search terms 'vestibular'; 'cognition'; 'attention'; 'memory'; 'psychosis'; 'anxiety'; 'depression' and 'psychiatric'. Relevant articles were divided into those that explored the relationship between vestibular dysfunction and cognition and those that explored vestibular dysfunction and psychiatric symptoms.
Vestibular dysfunction and cognition
It has been well reported that patients with vestibular dysfunction experience impairments in postural control and gait; balance problems; ocular motor changes; dizziness and other behavioural changes including anxiety Cohen and Kimball, 2008; Mamoto et al., 2002; Schubert and Minor, 2004; Talkowski et al., 2005) . Over the past decade, there has also been an increasing number of reports linking vestibular dysfunction with navigational and spatial memory impairments (Brandt et al., 2005; Schautzer et al., 2003; Smith et al., 2010) , as well as a limited number of studies that suggest vestibular dysfunction may be linked to broader cognitive, psychiatric and behavioural changes (e.g. Caixeta et al., 2012; Grimm et al., 1989) . The historical context of the link between spatial memory and vestibular function comes from animal studies on spatial navigation that suggest that animals use vestibular cues to establish spatial maps of their environment and navigate their way through a familiar environment (see reviews (Etienne and Jeffery, 2004; Smith et al., 2005a; Taube et al., 1996) ). Vestibular lesioned rats demonstrate impairments in spatial learning (Ossenkopp and Hargreaves, 1993) and spatial navigation in the absence of visual cues (Stackman and Herbert, 2002) . The spatial memory and navigation deficits are unlikely to be attributable to motor impairment or anxiety (Machado et al., 2012; Smith et al., 2010 ) and have also been described as long term or permanent deficits (Baek et al., 2010; Zheng et al., 2009b) . There are also limited reports to suggest that cognitive deficits following bilateral vestibular deafferentation in rats extend beyond spatial memory, with reports of deficits in object recognition memory (Zheng et al., 2004) , and attention (using a 5-choice serial reaction time task (Zheng et al., 2009a) ).
The first human clinical paper to link vestibular dysfunction to cognition impairment (Grimm et al., 1989) reported on 102 patients with perilymph fistular syndrome (a rupture in the labrynth, resulting in leakage of perilymphatic fluid) who experienced vestibular symptoms (e.g. vertigo), as well as a range of cognitive and emotional symptoms. Results suggested that while these patients demonstrated a normal level of global intellectual functioning, their performance on several areas of cognition was impaired. This included psychomotor speed (digit symbol), visual construction abilities (block design), verbal learning (paired associate learning) and visual sequencing (picture arrangement). Since this initial report, there have been several human studies in patients with differing levels of vestibular loss that have reported deficits in path navigation, spatial memory, spatial perception and attention (Brandt et al., 2005; Caixeta et al., 2012; Cohen, 2000; Grabherr et al., 2011; Guidetti et al., 2008; Peruch et al., 1999; Schautzer et al., 2003) .
Bilateral vestibular loss and spatial memory
Spatial memory deficits have been reported in a series of studies assessing patients with bilateral vestibular loss due to neurofibromatosis type 2 after bilateral vestibular neurectomy as compared to age-and sex-matched controls on a human adaptation of the Morris water task, a spatial navigation/maze task initially designed for rat experiments (Brandt et al., 2005; Schautzer et al., 2003) . Results in 12 patients, compared to 10 healthy controls showed impaired performance when patients were required to recall a navigation path in the absence of a visible target. Furthermore, Brandt et al., (2005) demonstrated that patients were able to perform this task successfully if they were provided with a visible target and also noted that other aspects of memory (using the Wecshler memory scale) were intact, indicating that bilateral vestibular loss is specifically related to a deficit in spatial memory.
Unilateral vestibular loss and spatial memory
Findings of cognitive changes in unilateral vestibular loss have been less consistent. In a large study, 50 patients with unilateral labyrinthine hypofunction as a consequence of previous vestibular neuritis were compared to 50 age-and sex-matched healthy controls on their spatial working memory performance (using the Corsi block task) and their navigation abilities (Guidetti et al., 2008) . Results showed spatial working memory as well as navigational impairments in both left and right labyrinthine-deficient patients as compared to controls. In contrast, an earlier study found a trend toward spatial memory and navigation impairments in patients with right, but not left, unilateral vestibular deafferentation (Hufner et al., 2007) . Attention processes (involved in simple, inhibitory, and forced choice reaction time tasks) have also been described as compromised in patients with well compensated (no symptoms of dizziness or definable postural deficit) surgically confirmed unilateral vestibular loss, particularly when patients were simultaneously engaged in a postural challenge task (Redfern et al., 2004) .
Vestibular loss and stimulation: Spatial memory and beyond
Beyond spatial navigation and memory, the capacity to perform mental rotation tasks has been reported as impaired in a small sample of patients (n¼ 8) with bilateral vestibular loss as compared to 14 healthy controls (Grabherr et al., 2011) . There is also some references in the literature associating vestibular loss with impairments with mental arithmetic or dyscalculia (Risey and Briner, 1990; Smith, 2012) ; however the findings are inconsistent (e.g. see Andersson et al. (2003)).
b r a i n r e s e a r c h 1 5 3 7 ( 2 0 1 3 ) 2 4 4 -2 5 9 Some further support for vestibular input to various cognitive tasks is derived from galvanic and caloric vestibular stimulation studies. For example, a recent study applied suprathreshold bilateral bipolar galvanic vestibular stimulation to 120 healthy adults and compared their performance on a cognitive battery to a control condition which involved no GVS or subthreshold stimulation (Dilda et al., 2012) . Results were consistent with the literature on bilateral vestibular loss and indicated that galvanic vestibular stimulation significantly degraded performance on short-term spatial memory, egocentric mental rotation (perspective taking) with no difference noted in other areas of cognition (including reaction time and dual tasking). An earlier study using unilateral caloric stimulation in healthy individuals suggested that caloric stimulation selectively activates contralateral cerebral structures and enhances cognitive processes mediated by these structures, with left ear stimulation improving spatial memory and right ear stimulation improving verbal memory (Bachtold et al., 2001) .
Given that the cognitive changes in spatial memory associated with vestibular loss remain apparent 5-10 years following vestibular neurectomies (Brandt et al., 2005; Schautzer et al., 2003) and given that the spatial memory impairments persist when vertigo symptoms have subsided (Guidetti et al., 2008 ), it appears unlikely that the cognitive changes are simply a consequence or byproduct of other vestibular symptoms (such as ocular motor or postural symptoms). Rather, it is has been suggested that the strong anatomical links between the vestibular system and hippocampus underpin the behavioural link between the vestibular system and memory (reviewed by Smith et al., 2005b) .
The central role of the hippocampus in spatial memory has been well documented (Epstein and Kanwisher, 1998; Maguire et al., 1997) . Vestibular input to the hippocampus appears critical for spatial navigation and for updating brain representations of spatial information (Smith et al., 2005b; . There is considerable neuroanatomical and neurophysiological support for vestibular-hippocampal interactions (see Hufner et al., 2007; Lopez and Blanke, 2011; Smith, 1997) ; however the anatomical pathways connecting the vestibular system to the hippocampus are less clear and various vestibular-hippocampal pathways have been proposed, which are likely to involve the thalamus (see Lopez and Blanke, 2011; Smith, 1997) . A neuroimaging study in 10 patients who had received bilateral vestibular nerve section 5-10 years before the test and subsequently had a complete acquired chronic bilateral vestibular loss exhibited a significant, selective bilateral atrophy of the hippocampus (16.9% decrease relative to controls), that was correlated with spatial memory deficits (Brandt et al., 2005) . In contrast, patients with unilateral vestibular neurectomy did not demonstrate such hippocampal atrophy (Hufner et al., 2007) , suggesting the vestibular input from one intact labyrinth appears to be sufficient to maintain the gross volume of the hippocampus in humans.
In sum, evidence derived from animal and human studies suggest that vestibular loss can lead to spatial memory and spatial navigational impairments which appear to be attributed to the anatomical links between the vestibular system and the hippocampus.
Vestibular dysfunction and psychiatric symptoms
Links between anxiety/panic and dizziness/vertigo have been described in medical literature since ancient times (see Balaban and Jacob, 2001 for a historical review). The link appears to be a complex, two-way interaction whereby people with anxiety, depression and other psychiatric symptoms commonly report vestibular symptoms (such as dizziness), conversely, people with vestibular dysfunction can experience a range of psychiatric/affective symptoms, predominantly anxiety, agoraphobia and depression (e.g. Balaban and Jacob, 2001; Balaban and Thayer, 2001; Eckhardt-Henn et al., 2008; Godemann et al., 2004; Pollak et al., 2003) . It remains uncertain whether the psychiatric symptoms are a "reaction" to the distress of living with a vestibular disease or whether they represent alterations to the neural circuitry that involves anatomical and neurochemical (predominantly monoamingeric) connections between the vestibular system and areas such as the hippocampus, amygdala, and infralimbic cortex (as reviewed in the first part of this manuscript). It has also been suggested that because the vestibular system plays a role in controlling autonomic functions (e.g. heart rate, blood pressure) (Yates and Miller, 1998) , alterations to these autonomic functions may also trigger a range of changes in cognition, emotion and personality.
Vestibular dysfunction and affective symptoms
There are several reports that suggest patients with vestibular disturbance experience symptoms of depression, anxiety and agoraphobia at higher rates than the general population (Eagger et al., 1992; Gazzola et al., 2009; Guidetti et al., 2008) . In a study of 93 patients with objective evidence of peripheral vestibular disorder two thirds of the patients reported symptoms of depression and/or anxiety since the onset of the vestibular symptoms. Fifty-four of these patients were seen 3 to 5 years after their original referral and more than half the group (37 out of 54) were rated above the cut off point for significant psychiatric disturbance when interviewed. Panic disorder with or without agoraphobia and major depression were the commonest psychiatric diagnoses. There is some evidence to suggest that these symptoms are more than a reaction to the symptoms of vestibular dysfunction (e.g. vertigo or dizziness). For example, Guidetti et al., (2008) reported significantly higher levels of anxiety and depression in 50 patients with well compensated (no vertigo symptoms) unilateral labyrinthine hypofunction as a consequence of previous vestibular neuritis as compared to 50 age-and sex-matched healthy controls. Somewhat contrasting these findings is a recent prospective study that looked at predictors of anxiety (STAI) and depression (BDI) in 407 patients who presented with dizziness and vestibular disease (194 patients were diagnosed with BPPV, 75 with vestibular neuritis, 63 with Ménière′s disease, 58 with migrainous vertigo, and 17 with presbystasis). Results suggested that rather than the type of vestibular disease, the best predictor of depression and anxiety was the patient′s level of distress associated with symptoms of dizziness or vertigo (dizziness handicap inventory scores) (Hong et al., 2013) . A series of prospective, interdisciplinary studies were conducted to explore the relationship between comorbid psychiatric disorders and symptoms in patients with various organic vertigo syndromes (Best et al., 2006; Eckhardt-Henn et al., 2008) . Patients with organic vertigo syndromes (benign paroxysmal positioning vertigo-BPPV; vestibular neuritis; Menière′s disease; vestibular migraine), and healthy volunteers were assessed on the Symptom-Check List 90 (a standardised, self-reporting instrument that measures psychological strain) and The structural clinical interview for DSM-IV Axis I (SCID-I). Results of the initial study (Best et al., 2006) revealed no correlation between acute (vestibular neuritis) or chronic (BPPV) vestibular dysfunction and pathology on measures of psychiatric symptoms and the authors suggested that their results did not support the hypothesis that latent vestibular dysfunction or imbalance triggers anxiety disorders. Furthering these findings, in an extension of the initial study Eckhardt-Henn et al., (2008) reported a significantly higher prevalence of psychiatric comorbidity in patients with Meniere′s disease and vestibular migraine, particularly in the area of depression and anxiety. In contrast, rates of psychiatric disorders and psychological symptoms in patients with BPPV and vestibular neuritis were comparable to the control group and general population. Again the authors suggested that vestibular pathology, per se, does not increase the rate of psychological symptoms.
Vestibular associations with psychosis and other psychiatric symptoms
Beyond affective symptoms (anxiety, depression), but perhaps overlapping with the previously described cognitive deficits, peripheral vestibular dysfunction has been linked to depersonalisation/derealisation symptoms, whereby individuals experience an altered perception of their self and/or their environment (Jauregui-Renaud et al., 2008a , 2008b . In a study of 60 healthy subjects and 50 patients with peripheral vestibular disease, rates of depersonalisation/derealisation were significantly higher in vestibular patients. In line with this finding, caloric vestibular stimulation has been shown to influence body schema and internal representations of body size and galvanic vestibular stimulation has been shown to influence cognitive processes relating to body representation including tactile localisation (Ferre et al., 2013) . A series of case studies has also shown caloric stimulation to improve symptoms of neglect and associated anosognosia (Cappa et al., 1987; Geminiani and Bottini, 1992; Rode et al., 1992; Ronchi et al., 2013) .
In relation to other psychiatric symptoms, there are a small number of case studies that have proposed a link between symptoms of psychosis and vestibular disturbance in patients with Usher syndrome, an autosomal recessive genetic disorder manifested by hearing impairment, retinitis pigmentosa and variable vestibular deficit (Jumaian and Fergusson, 2003; Rijavec and Grubic, 2009; Wu and Chiu, 2006) . These case studies all identify patients with vestibular disturbance who also experience symptoms of psychosis; however, it must be noted that Usher syndrome may involve CNS pathology beyond the vestibular system. There are also a small number of preliminary studies reporting beneficial, short term effects of caloric vestibular stimulation on symptoms of mania, delusions and insight in patients with schizophrenia and schizoaffective disorder (Dodson, 2004; Levine et al., 2012) .
Conclusions
The first section of this literature review examined the anatomical associations between vestibular system and various psychiatric disorders. Despite the lack of direct evidence for vestibular pathology in all key psychiatric disorders reviewed, we have highlighted the substantial body of literature implicating the vestibular system in each of these key psychiatric disorders. The second part of this review provided complimentary evidence showing the link between vestibular dysfunction and vestibular stimulation upon cognitive and psychiatric symptoms. In particular, the key cognitive domain linked to vestibular function is spatial memory. Several psychiatric symptoms are commonly linked to vestibular function, including depression and anxiety with some preliminary reports of mania and psychosis also being linked to vestibular function; however, findings remain inconclusive and further research is warranted. Given the lack of biological diagnostic markers for psychiatric disorders and the associated controversies and difficulties accompanying the current subjective diagnostic assessment techniques for psychiatric illnesses (DSM-TR-IV and /V (Blais and Malone, 2013; Zimmerman, 2013) ), it appears reasonable to suggest that objective measurement of the neural function of the vestibular system may provide a rich source of addition information that could provide significant insights into cognitive and psychiatric symptomatology and potentially a technique that could detect vestibular functioning could contribute to a more objective diagnosis of psychiatric illnesses.
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